t Natal Parks Board, Mkuzi Game Reserve, Mkuze 3965, South Africa Over the past thirty years the black rhinoceros (Diceros bicornis) population in Africa has declined from about 65000 to 3500. In contrast the South African and Namibian population has increased four-fold to I 000 over the same period. The recently developed national conservation strategy for black rhino has as its main goal a further four-fold increase in the·current population in as short a period as possible. To achieve this, the growth rate of the population as a whole will have to be ·maximised. This involves removing animals from areas where the population is approaching the ecological carrying capacity and establishing new viable populations in other suitable reserves. · A model, incorporating what is known about the population biology of black rhino, was developed to give guidance to managers on the most appropriate harvesting strategy to adopt for their populations; in particular, to determine the rate of removals and the age and sex of individuals to be removed to attain the conservation goal as soon. as possible.
information on black rhino population characteristics from the published literature and other unpublished sources. Where no specific data for black rhino exists, we substitute with empirically supported generalisations for large mammals from the literature notably Eberhardt (1977 ),Fowler (1981 and Laws (1981) .
The model was developed to give guidance to managers on the most appropriate harvesting strategy to adopt fm their populations; in particular, to determine the rate of removals and the age and sex of individuals to be removed to attain a 2000 strong Southern African population as soon as possible.
Fonnulalion of the Model
Dlack rhinos available for translocation are found in the following game reserves: HluhluweUmfolozi, Mkuzi, Ndumu and Itala [Brooks 1989] . To keep the model simple, the populations from these reserves will be regarded as constituting a single group, referred to as the Founder Population. In the same way translocated black rhinos will be regarded as a single group referred to as the Translocated Population.
Iq order to preserve genetic diversity the Founder Population will be kept close to the estimated ecological carrying capacity and a removal policy will only be regarded as feasible if the adult female and male population numbers do not decline to less than 60% of their initial values at any time. Genetic diversity will be furth~r managed when selecting animals for translocation and in selecting their destination.
The Founder population is divided into 8 groups according to age and _sex. The various female groups, their initial values and the rates determining their level_s are shown in table l.
The male groups M1-M4 are divided in a similar way. Table 1 Death, removal .
http://orion.journals.ac.za/ From the table it should be noted that migration does not take place and that predationis confined to the younger groups. Calves stay with the cows until at least age ·2 and removal (translocation) is restricted to the groups F 3 an'd F 4 (as well as M 3 , M 4 ). In this article the symbols F; and M; (i=1, .. ·,4) will also be used to denote the numbers in the corresponding groups.
A juvenile black rhino exerts less pressure on resources than an adult and we therefore define the adult equivalent population (AEP) as
where 0 :5 a; :5 1 (i = 1, 2, 3).
Population density is measured as the ratio ~~:; where ECC is the estimated ecological carrying capacity in adult units.
Observations indicate that births in Umfolozi Game Reserve have occurr~d as early as 6 years (Goddard 1967) and in the high density extreme in Hluhluwe Game Reserve first calves are dropped at around 10 years and 6 months. (llitchins and Anderson 1983) . In this model it is assumed that births occur only amongst the group F 4 (which is true on average).
Fecundity, which is renected by the interval between calving is suggested to be a declining function of density (Eberhardt 1977, l.; aws 1981 Mortality is a function of age (Goddard 1970) and density (Eberhardt 1977 , Fowler 1981 . Eberhardt (1977) proposed that one of the first signs of density dependent stress was an increase in juvenile mortality. At the other extreme Fowler (1981) states that in many large mammal populations, adult survival is insensitive to changes in density. Observations indicate that for rhino, subadults have higher mortality rates than adults because they are subject to more social stress than adults, particularly when they are trying to establish their home ranges for the first time. Animals in the two youngest age groups are also subject to nutritional stress. Yearlings (age group 2) are weaned and so must depend on vegetation for food. They therefore have a higher mortality rate and are more susceptible to density stress than unweaned calves. There is insufficient information available for a precise definition of the mortality functions but based on the above discussion -and field experience the functions shown in figure I ·were considered plausible. In addition to natural mortality, deaths due to predation occur amongst the two younger groups. The population is assumed to be uniformly distributed over each age group and ageing is assumed proportional to the number of animals in each group (excluding the adult groups). Table 2 Analysis of translocation strategies Column 1 shows the total number of animals translocated, columns 2 and 3 list some good and poor strategies respectively, Column 4 gives the total populations after 30 years corresponding to the best strategy and column 5 indicates the first time the population exceeds 2 000. The last column shows the population after 30 years corresponding to the worst strategy. Total Population
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Number of Removals The above results are only valid for the particular set of initial value& used. To obtain some indication of the effect of the initial values some further simulation& were performed. The initial values of the oldest male and female groups were both reduced by 15 animals, a reduction of nearly 10%, and these animals were then distributed equally amongst the younger groups. With these initial values it was found that 'good' strategies remained good strategies and that generally most strategies were surprisingly robust to changes in the initial values. However,the strategy (6 4 8 4) became infeasible in the sense described earlier, thus indicating a need for caution.
New changed census data or sudden changes in population structure, from poaching for example, would necessitate a repeat of the simulations.
Parameters and Functions
All the results presented so far have been based on the assumption that there is no mortality associated with the capture and translocation of rhino. In practice some removal deaths are likely to occur and in figure 6 the effect of an extreme 10% removal death rate is ·illustrated. As expected the total population is lower, but as before there is little to gain from increasing the annual removal rate beyond 16.
Mortality and fecundity are functions of density and hence depend on the specified ecological carrying capacities. The carrying capacity of the founder population is fixed but that of the translocated population depends on the amount of suitable habitat made available.> In figure 7 the number of years to reach the target population of 2000 is compared under ECC specifications of 1600 and 2400 respectively for the translocated population. The target is reached 2 years earlier and once again a removaJ rate of 16 animals per year is the lowest removal rate to achieve this result. 1-ECC-1600 ------ECC-2400 Fig. 7 The effect of carrying capacity on the time to reach the target population.
